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Lightning will burn through metallic enclosures.  This LDRD will develop a 
quantitative understanding of the physical principles that limit voltage and current 
penetration in lightning burnthrough.

Indirect
• Electric
• Magnetic

Direct
• Plasma conduction
• Arcing
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SLS Simulated Lightning Pulses 
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Sandia Lightning Simulator Arc to Collector 
0.050" Al(T6061)‐0.5" Hole

1/4" Electrode set at 1/16" from Brass Collector
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Dots are times for simple Braginski expansion of channel
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1st and 2nd Return Strokes Near Ipeak 
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Collector Current (NCVR)
0.050" Al(T6061)‐Solid Coupon‐Solid Barrel

Starter Wire‐400ms CCG before return strokes
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CCG 514A 50kA 109kA 17Sept2009 Shot 2

100ms between strokes

El t d 0 25" d 0 2"

Collector  Voltage (NV50kOhm)

0.050" Al(T6061)‐Solid Coupon‐Solid Barrel

Starter Wire‐400ms CCG before return strokes
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CCG 551A 56kA 91kA 17Sept2009 Shot 4

100ms between strokes

Electrode gap=0 25" d=0 2"

100 ms 500 ms 500.2 ms 501.5 ms

exp0.21 volts 0.76 voltsmagV 
mod0.15 volts 0.66 voltsmagV  0

max400kA / s 0.1kV V 0.5kV
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Will advance our understanding of how charges and fields penetrate burnthrough holes.

Will allow more realistic assessments of the severity of a burnthrough problem.

Gluckstern

Vcm

hot

Many time phases of electrical discharge 
development (from subnanosecond to seconds) 
are relevant to this problem.

The problem is important for designing and 
assessing shielding for safety critical 
components.

Methodology includes:
• Decompose problem into fundamental coupling components
• Carry out discovery experiments
• Develop and apply models for various physical penetration mechanisms

I I
Discharge

I I

Plasma
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I I dQ/dt

 dB/dt

I

0dI /dt

Experiments
• Sandia Lightning Simulator (continuing current & return strokes)
• Discovery experiments involve detailed instrumentation & diagnostics

Penetration analysis & modeling
• Electromagnetic coupling mechanisms
• Early-time & late-time discharge 
development

Establish baseline of severe lightning burnthrough response with high-speed photography.

Measure and model indirect coupling responses to establish linear coupling response.

Develop an understanding for plasma current distribution during continuing current to return stroke 
transition.

Develop arcing threshold models to guide and interpret measurements of interior arcing potentials.
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Velonix 590 Pulser/Magnectic Field Coupling
Drive perpendicular to coupon-Horizontal Cable (7/31/2009)
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Velonix 590 Pulser/Magnectic Field Coupling
Drive parallel to coupon(horizontal)-Horizontal Cable (7/31/2009)
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Discharge Processes & Applications

Burning*
Penetration/DamageGases

Liquids/Solids

Vacuum

Insulation

Switches

Sprites

Lightning

Safety* Shielding*
Discharge Control

Sterilization

Displays

Insulation

Expansion*
Resistance/Shock

Thin Film Deposition

Spectroscopy

Medical/Dental/Surface Conditions

Avalanche*
Townsend/

 &
Sustaining Fields

Streamer*
Gas/Surface Threshold

Branching, Micro & Diffuse Discharges
Size/Path/Conductivity

Cable

Subsequent Lightning
Return Stroke

Outer Shield

Plasma or Hot Gas
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Outer Shield

Voltage/Current Wave
Induced by Charge/Field Coupling
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